Environmental effects on the structure of metal ion-DOTA complexes: an ab initio study of radiopharmaceutical metals.
Quantum chemical calculations were performed to study the differences between the important radiopharmaceutical metals yttrium (Y) and indium (In) bound by DOTA and modified DOTA molecules. Energies were calculated at the MP2/6-31+G(d)//HF/6-31G(d) levels, using effective core potentials on the Y and In ions. Although the minimum energy structures obtained are similar for both metal ion-DOTA complexes, changes in coordination and local environment significantly affect the geometries and energies of these complexes. Coordination by a single water molecule causes a change in the coordination number and a change in the position of the metal ion in In-DOTA, but Y-DOTA is hardly affected by water coordination. When one of the DOTA carboxylates is replaced by an amide, the resulting structures show a large variation between the Y and In ions. A six-residue model of the active site containing metal ion-DOTA showed that the Y-DOTA structure optimized to a structure similar to the crystal structure but that the water molecule in In-DOTA disrupts the salt bridge between Arg98B and a carboxylate side chain of DOTA. These observed differences could in part explain the differential binding constants for Y-DOTA and In-DOTA to the antibody 2D12.5.